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nflgrwTPTION 

Marti um For n«f.«»ctinci Bnt->meflcei Tn A Sample 

*4-iA ~f t hP Invention 

This invention is in the field of chemistry, biology 
and microbiology and relates to novel means for detecting 
the presence of target microbes in a sample of a possibly 
5 contaminated material . 



Background 

Microorganisms are present ubiquitously in biological 
specimens and environmental media suitable for their 
growth. However, some prove harmful to higher organisms 
10 and means for detecting their presence is important to- 
preserve the public health. Many means for detecting 
various types of microorganisms are available offering 
various advantages with respect to speed and specificity. 
All microorganisms have certain requirements for 
15 growth and reproduction. In general, microorganisms 
require the presence of the following for growth: an 
energy source including light and carbon compounds; and a 
source of raw materials including carbon, nitrogen, 
sulfur, and phosphorous as well as trace amounts of other 
20 minerals. Further, microorganisms must be present in a 
suitable environment wherein an appropriate temperature, 
P H, salinity and oxygen concentration is maintained. 

A common procedure used to detect the presence of 
- microorganisms involves adding a specimen to a culture 

~ ,11 t-h« necessary elements to allow 
25 medium containing all the necessary 

growth. The sample may be natural or pretreated. as by 
Lbrane filtration, before being added to the culture 
.edium, and the medium may or may not contain chemicals 
such as antimetabolites or antibiotics which are selec- 
30 tively active against microorganisms other than the target 
microorganism. Usually, these culture media have been 
sterile to assure no interference from contaminating 
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to particular species or groups of bacteria. It suggests 
using antibiotics to select for growth of the microorgan- 
isms targeted and provides specific examples of liquid- 
based assays. Other methods previously used such as 
5 Kilian et al. ( Acta. Path.. Microbiol. Scand. Sect. B §7 
271-276 (1979) and Damare et al., J. Food Science 50:1736 
(1985) report use of agar-based media without antibiotics. 

Enterococcus density is a predictor of public health 
risks associated with contaminated recreation waters. 
10 There are two accepted methods for the analysis of Entero- 
coccus density in water samples, the multiple- tube for 
most probable number technique (MPN) and the membrane 
filter technique (MF) (Gfeenberg et al ., Standard methods 
for the evaluation of water and wastewater Eaton, A.D . 
15 (ed.) 18th ed. American Public Health Association (1992); • 
and Mooney, K. et al., Testing the waters: a national 
perspective on beach closings Natural Resources Defense 
Council. (1992)) . The results based on the multiple-tube 
technique may not be available for 72 hours, and the 
20 results of the membrane filter technique may not be 
available for 48 hours. The "MPN procedure" involves a 24 
to 4 8 hour presumptive test in a series of azide dextrose 
broth followed by a 48 hour confirmation test using 
selective Enterococcus agar and 6.5 % NaCl brain-heart 
25 infusion broth. The membrane filter technique involves 
the membrane filtration of water samples followed by 
incubation of a pre- filtered sterile membrane on Entero- 
coccus selective media. The media of choice are either mE 
agar followed by an EIA substrate test, or mEnterococcus 
30 agar. Such methods may be tedious, labor intensive and 
time consuming. This may lead to delays in public notifi- 
cation and therefore increase public health risks. 

Summary Qf the Invention 

The present invention features a medium which, allows 
3 5 detection of Enterococci microbes in a liquified environ- 
mental or biological sample, within as little as 24 hours. 
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The present medium is distinct f,™ _ • 

about 46 to 77 h al « ln ct from prior media in which 

for En til " e reqUir6d " ° btai » • result 

for Enterococci. The medium also aliows quantifying tne 
amount of Enterococci present in * , n ° 9 the 

q i. . . present in a sample and may be used 

5 in rapid screening methods. 

The medium contains an effective amount of vitamin 
amino acid trace element and salt ingredients operab U to 
allow viability and reproduction of Enterococci in the 

10 ITIZIZI \ nUCrienC indlCaC ° r - "» ~ ^a to 
is provided in an amount sufficient to allow a detectable 

growth" 1 , T Si9nal " ^ in «» -dium yl 

growth of Enterococci. The medium further y J 

effective amounts of selective agents which are active to 
prevent or inhibit the growth of non-target ,i e non 
15 enterococcal) microorganisms. ° n " 

the " edia ; hieh taVe prov « in this invention for 

iter, a b T ? ^"""^ in » include (per 

Uter, a biological buffer (e.g.. about 5.0 to 7.0 grams 

20 """'^•""^'-^^•-ino-propanesulfonic Hid 
free acid (TAPS-free acid), and about. 5.0 to 7.0 grams N 

tris (Hydroxy-methyumethylo-a^ino-propanesulfonic acid 
re '^-^ - —t 4.0 to 5.0 grams HEPES 

free acid and about 7.0 to 9 .o grams HEPES sodium salt,) . 
and sodium bicarbonate .e.g.. about i.s to 2 .s grams, 

t'he ™„ fOUOWin9 ~*«-»« are provided in 

media in approximately the amounts indicated. Those 

rlu mderS " nd th " not every component is 

reoui red . Components may also be substituted with other 

30 „rr entS ^ Sim " ar PrOP «" M - ™° — nts of compo- 
30 nente may also be varied. Specifically, the medium 
contains (per liter, a total nitrogen content of about l o 
to 1.7 grams (primarily from ammonium sulfate) Amino 
acids required for growth of the microorganisms to be 
detected are also provided. Not all amino acids must be 
provided, and the relative amount of each can vary. Amino 
acids may be provided from a variety of sources. These 
can be provided from natural sources (e.g., extracts of 
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whole organisms), as mixtures or in purified form. The 
natural mixtures may contain varying amounts of such amino 
acids and vitamins. For general guidance, specific 
amounts of such amino acids and vitamins are indicated 
5 below. These amounts are for guidance only and are not 
limiting in this invention. Those in the art will recog- 
nize that many different combinations of amino acids and 
vitamins can be used in media of this invention. The 
lists provided below exemplify just one such example. 
10 Normally, only amino acids which cannot be synthesized 
endogenously by the microorganisms to be detected must be 
provided. However, other amino acids may be provided 
without departing from- the medium of the invention. 
Amino acid contents preferably include at least the 
15 following in approximately the following amounts (per. 
liter): Alanine (0.015 to 0.055 grams), Arginine (0.01 to 
0.04 grams), Aspartic Acid (0.04 to 0.10 grams), Cystine 
(0.001 to 0.005 grams), Glutamic Acid (0.05 to 0.15 
grams), Glycine (0.01 to 0.03 grams), Histidine (0.010 to 
20 0.06 grams)*, Isoleucine (0.01 to 0.10 grams), Leucine 
(0.03 to 0.08 grams), Lysine (0.03 to 0.07 grams), Methio- 
nine (0.01 to 0.04 grams), Phenylalanine (0.01 to 0.04 
grams), Proline (0.02 to 0.08 grams), Serine (0.01 to 0.05 
grams), Threonine (0.01 to 0.04 grams), Tryptophan (0.002 
25 to 0^006 grams), Tyrosine (0.01 to 0.02 grams), and Valine 
(0.02 to 0.05 grams) . 

Salts may be provided as a source of ions upon disso- 
ciation. Such salts may include potassium phosphate 
(e.g., about 0.5 to 1.5 grams); copper sulfate (e.g., 
30 about 40 to 50 fig); ammonium sulfate (e.g., about 4.0 to 
6.0 grams); potassium iodide (e.g., about 50.0 to 150.0 
fig); ferric chloride (e.g., about 150.0 to 250.0 /ig) ; 
manganese sulfate (e.g., about 300.0 to 500.0 tig) ; sodium 
molybdate (e.g., about 150.0 to 250.0 tig) ; zinc sulfate 
35 (e.g. about 300.0 to 500.0 ixg) ; and sodium chloride (e.g. 
about 0.05 to 0.15 g) . Other inorganic moieties may be 
included to aid in microbe growth. These include the 
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reduction in the amount of one ingredient can be compen 
sated by an increase in the amount of another. This 
particularly relevant when the essential amino acids' 
trace elements or vitamins of the microorganism sought to 
5 be detected are known. Some ingredients may be provided 
in reduced amounts or deleted if they may be synthesized 
endogenously by the microorganism whose presence is to be 
determined. 

The nutrient indicator is present in the medium in an 
10 amount which is sufficient to support growth of the target 
microbe until a detectable characteristic signal is 
produced in the medium during growth. Together, the 
vitamin, amino acid, $race element, salt and nutrient 
indicator ingredients allow sufficient growth of the 
IS organism so that a detectable change in the sample may be 
observed. The nutrient indicator alters a detectable 
characteristic of the sample only when it is metabolized 
by an organism. Preferably, it alters a detectable 
characteristic only when it is metabolized by the target 
20 microbe. Therefore, it may be used to confirm the pres- 
ence or absence of the target microbe in the sample. It 
is preferable that the nutrient indicator be chosen so 
that it is cleaved to release the indicator portion only 
by the target microbe in the medium. That is, if other 
25 microbes present in the sample could cleave the nutrient 
indicator then the medium is formed such that such other 
microbes cannot substantially grow in the medium. in 
addition, while it is preferred that the nutrient indica- 
tor is the only source of the specific type of nutrient 
3 0 for the target microbe, the medium may contain other such 
sources, but in amounts that will not reduce the specific- 
ity of the medium. For example, the nutrient indicator 
may be the only source of carbon for this microorganism. 
Alternatively, other carbon sources may be present (e.g. 
35 amino acids) which are not preferentially used by the 
target microbe. If desired, some small amount of another 
carbon source may be present which might be preferentially 
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the medium, and the relative health of the bacteria all 
affect the detection time. The amount of nutrients such 
as amino acids, vitamins and trace elements provided may 
affect growth rate of the target microbe and thus detec- 
5 tion time. Thermally equilibrating the sample to an 
incubation temperature of about 35°C after adding the 
medium may decrease the time required for detection. The 
amount of enzyme inducer may also decrease the time to 
detection. Enzyme inducers found in the medium are agents 
10 which act as an inducer of the enzyme which cleaves the 
nutrient indicator. The enzyme inducer may, for example, 
be a homolog to the nutrient indicator. Examples of such 
inducers are known in the art. The relative health of the 
microbe also affects the time required for detection. 
15 Adding such agents as pyruvate which may aid recovery of 
injured organisms may therefore speed detection. If large 
numbers of bacteria are present in the sample, more rapid 
detection is also possible. In this invention, the media 
provided allows detection of low amounts of target mi- 
20 crobes (i.e. < less than 10/100 ml) in the 24 hour time 
period, at least 95% of the time. Standard methods can be 
used to determine such ability. 

The term "medium" means a solid, powder or liquid 
mixture which contains all or substantially all of the 
25 nutrients necessary to allow a microbe to grow and repro- 
duce. This invention includes both media which are 
sterilized as well as media which are not sterile. 

The term "liquified" means substantially in liquid 
form, though it is also meant to include pulverized or 
30 homogenized samples of solid substances having at least a 
10% liquid content. The phrase is meant to exclude a 
gelled medium, such as is found with agar. 

The terms "environmental" and "biological" mean taken 
from or coming from a substance capable of supporting one 
35 or more life forms including algae, yeast and bacteria. 
Examples include but are not limited to recreational 



WO 96/15435 

PCT/US95/13579 



10 



15 



waters, marine waters, drinking waters, sewage effluent, 
and food substances. 

The term "inoculation" means at or near the time th- 
Uquified environmental or biological sample is mixed with 
5 the medium of this invention, it is meant to be the time 
at which the two substances are substantially mixed 
together. 

The term "effective amount" is an amount within the 
range which allows or promotes, growth and reproduction of 
10 a target microorganism. That i< an amount which allows 
microbes or other organisms to adapt to the medium, 
synthesize the necessary constituents for reproduction ar 
subsequently reproduce. it is not meant to be speci: 
and may vary depending upon such factors as sample siz-_ 
and concentration of microorganisms. Generally, the term 
indicates the amount required to detect less than 100 
target microbes per l ml sample, most preferable less than 
100 microbes per 100 ml sample, or even 1 microbe per 100 
ml sample . 

The terms "vitamins", "amino acids", "trace elements" 
and "salts" are meant to include all molecules, compounds 
and substances classified in each category by those o' 
skill in the art whether organic or inorganic, and ti 
categories are not intended to exclude any substance whic. 
may be necessary for or conducive to maintaining life. 

The term "nutrient indicator" means a molecule or 
substance containing a moiety that is a source for an 
essential nutrient and a moiety which causes or produces 
an observable characteristic change in the medium or 
3 0 sample. A nutrient indicator includes nutrient sources 
attached to or conjugated with chromogens or f luorogens . 
Nutrient sources may provide essential vitamin, mineral, 
element or amino acid ingredients or carbon. Normally, as 
a microorganism progresses from the phase ir. which nutri- 
3 5 ents are accumulated for reproduction (lag chase) and into 
the phase during which reproduction actur iy occurs at a 
relatively rapid rate (log phase) , nutri- en requirements 
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increase. Consequently, increased amounts of the nutrient 
indicator are metabolized and a detectable and character- 
istic change is produced. Preferably, the nutrient 
indicator includes a nutrient moiety and a chromogen or a 
5 flurogen. Chromogens include any moieties which produce 
a color change observable in the visible range. Fluoro- 
gens include any moieties which fluoresce upon exposure to 
an excitation light source. Examples include, but are not 
limited to, orthonitrophenyl , phenolphthalein, and 4- 

10 methylumbelliferone moieties. While the nutrient 

indicator may provide the sole source of an essential 
nutrient, other sources of such nutrients may be provided, 
so long as adequate selectivity and sensitivity of the 
medium is maintained. 

15 The term "detectable characteristic signal" includes 

any change in a sample which may be detected by one or 
more of the human senses. The term includes such examples 
as a color change in the visible or non-visible wavelength 
ranges, a change in state such as between solid, liquid 

20 . and gas, an emission of gas, or a change in odor. 

The term "target microbe" means the microorganism 
whose presence or absence is sought to be detected. 
Preferably, it includes species of enterococci and fecal 
streptococci which can live in the gastrointestinal tract 

25 of higher organisms. 

In a preferred embodiment, the nutrient indicator 
alters the color of the microbe-specific medium. The 
color change may be apparent in the visible wavelength 
range or it may be fluorescence which is apparent in a 

30 wavelength range visible after exposure to an excitation 
light source. ' This is accomplished by the cleavage of a 
chromogenic moiety or fluorescent moiety. A chromogenic 
moiety is a moiety which changes the color of the sample 
in the visible range when it is in an unconjugated form, 

3 5 that is no longer conjugated to or bound to a nutrient 
moiety. A fluorescent moiety is a moiety which changes 
the color of the sample in the non-visible range when it 
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is in an unconjugated form, chat is no longer conjugated 
to or bound to a nutrient moiety. Examples of chromogenic 
moieties that may be conjugated to a nutrient moiety 
include, but are not limited to orthonitrophenyl moieties 
5 which produce a yellow color when released from the 
nutrient indicator, and phenolphthalein moieties which 
produce a red color when released from the nutrient 
indicator. Examples of fluorescent moieties include, 
methylumbelliferyl moieties which become fluorescent at 
10 about 366 nmwhen released from the nutrient indicator, 
and bromo-chloro- indole moieties which become blue when 
released from the nutrient indicator. Most preferably, 
the medium uses the fluorescent moiety, 4-methylumbellif e- 
ryl -0-D-glucopyranoside . 

Preferably, the , medium also contains one or more 
selective agents such as antibiotics which prevent or inhi- 
bit microbes other than the target microbe from metabo- 
lizing the nutrient indicator. That is, preferably the 
medium contains agents which are specific for microbes 
other than Enterococci or fecal Streptococci and effec- 
tively prevent or inhibit growth of at least some of those 
microbes. The term is meant to include such agents as 
sodium azide, thallium acetate, nalidixic acid, neomycin 
sulfate, gentamicin sulfate, bile salt, sodium chloride, 
25 lycloheximide, tetracycline, colistin, ansiomycin, clinda- 
mycin, and polymycin B. Preferably, it includes amikacin 
sulfate (e.g. about 0.0045 to 0.0055 g/liter) , amphoteri- 
cin B (e.g. about 0.00198 to 0.00242 g/liter) and bacitra- 
cin (e.g. about 0.000476 to 0.000794 g/liter). 
30 The term "microbe -specific medium" means a medium 

which allows substantial growth of only the target mi- 
crobe. This includes media which contain one or more 
antibiotics specific for inhibiting growth of microorgan- 
isms other than the target microbe, and it includes media 
which alternatively or additionally contain one or more 
nutrient indicators which are preferably not metabolized 
by microorganisms other than the target microbe to any 
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substantial degree. The term "substantial" as used in 
this context, means that the medium still allows specific 
(i.e., at least 95% or even 98% accurate) and sensitive 
(i.e., at least 95% or even 98% detection levels) detec- 
5 tion of the target microbe, as measured by standard 
procedures . 

In another preferred embodiment, the medium contains 
an agent which acts as an inducer of the enzyme which 
cleaves the nutrient indicator. This agent may, for 

10 example, be a homolog to the nutrient indicator. Such 
inducers include i3opropyl-0-D-thiogalactoside (IPTG) 
which induces 0-galactosidase activity and ethyl -/3-D- 
thioglucoside which induces /8-glucosidase activity. 

Preferably, the medium allows detection of Enterococci 

15 (including fecal Streptococci) within 24 hours. The 
medium is also preferably in the form of a non-sterile, 
water soluble powder to allow easy addition to liquid 
samples. 

In another aspect, the invention features a method for 
detecting the presence or absence of Enterococci and fecal 
Streptococci in a liquified sample by contacting the 
sample with the medium described above, incubating the 
sample and the medium mixture, and monitoring the sample 
and medium mixture to determine the presence or absence of 
25 the detectable characteristic signal. The incubation may 
be performed at a variety of temperatures, but preferably 
it is carried out between 35°C and 45°C. Preferably, the 
detectable characteristic signal may be observed within 24 
hours. The invention features providing samples prefer- 
3 0 ably from a water source including fresh water, marine 
water, drinking water supplies or waste water. 

Another feature of the invention is a method for 
detecting the presence or absence of a target microbe in 
an environmental or biological liquid sample, preferably 
3 5 including the step of warming the sample to incubation 
temperature in a liquid incubator after adding the mi- 
crobe-specific medium. Most preferably, the incubation 
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temperature is about 35»C. The term "liquid incubator" 
means a liquid warmed to a specified temperature or 
temperature range. This may include any form of water 
baths for instance. Such an incubator is advantageous 
5 over previously used air incubators, since the medium more 
quickly reaches an adequate incubation temperature. 

In yet another aspect, the invention features a method 
for quantifying the amount or number of Enterococci 
present in a liquid sample by contacting a liquid sample 
10 with the medium described above, placing the liquid sample 
including the medium in containers, incubating the liquid 
sample and medium mixture, observing the quantity and 
quality of a detectable characteristic signal, and compar- 
ing the quantity and quality of a detectable charac- 
15 teristic signal with most probable number values. This 
quantifying process features comparing the quantity and 
quality of the characteristic which has been altered, 
preferably a color change, to most probable number values 
obtained from samples where the concentration and 
20 characteristic change have been correlated with samples 
for which Enterococci or bacteria concentration is known. 
See e.g.. Compendium of M ethods for the Microbiolooi r ? ) 
Examination of Foods 3rd ed.. Edited by Vanderzant and 
Splittstoesser, 1992. The most probable number technique 
25 allows estimation of bacterial concentrations that are 
below detectable limits of other methods. 

In preferred embodiments, the invention uses the 
apparatus described by Naqui in U.S. S.N. 08/201,110, 
hereby incorporated by reference. The quantifying step 
3 0 involves providing a sample of an environmental or biolo- 
gical sample in a liquid form, placing or dispensing the 
sample into the sample holding bag described by Naqui, 
mixing the sample with a medium to allow and promote 
growth of. viable bacteria, incubating the sample, detec- 
3 5 ting the quantity and quality of the color change, and 
comparing that quantity and quality with results obtained 
for a series of samples for which the concentration of 
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bacteria was known. More preferably, the incubation step 
is carried out at 41°C for a period of 24 hours using the 
medium described above. 

The invention provides the optimal medium for deter- 
5 mining the presence of Enterococci (including fecal 
Streptococci) microorganisms. Enterococci can be detected 
much earlier in this medium than in those currently avail- 
able. Therefore, the results of testing are more rapidly 
available. Rapid results save both money and time in the 

10 laboratory. Speed also decreases the threat to the public 
health, allowing early alerts and remedial measures to 
deal with the presence of some microorganisms in such 
places as drinking water supplies and recreational waters . 
Further, the method of this invention generally does . not 

15 require confirmatory tests since microorganism- specific 
nutrient indicators may be used. Additionally, the 
invention does not require using a- sterile medium as many 
other methods require. 

Other features and advantages of the invention will be 

20 apparent from the following description of the preferred 
embodiments thereof, and from the claims. 

Brief Description of the Preferred Embodiments 

In the following description, reference will be made 
to various methodologies known to those of skill in the 

25 chemical, biological and microbiological arts. 
Publications and other materials setting forth such known 
methodologies to which reference is made are incorporated 
herein by reference in their entireties as though set 
forth in full. The compositions, methods, and products of 

30 this invention are applicable to biological and environ- 
mental specimens, and are useful in the chemical, biologi- 
cal and microbiological arts for the detection of micro- 
organisms . 
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30 



D ieting fflrrnorq.nicmn baasd nn SD Sm& 3S££lU£l ^ 

arr* T miCr °° rganisms deriv * their nutrients from an 
array of sources, however, some sources may be unique to 

1ST miCr ° 0r9anism ~ «~P of microorganisms. 

FamiUes, groups or species of microorganisms may share 
enzyme specificity for certain nutrients which is lacking 
in other microorganisms. By taking advantage of the 
metabolic characteristics of specific microorganisms, it 
is possible to test for their presence. Many enzy.es have 
been xdentified which are specific to particular groups or 
species and others likely will be identified in the 
future. 

The enterococcus group of bacteria contain a unique 
constitutive enzyme, 0-glucosidase (Littel, et al Appl 
15 Environ. Microbiol. 45:622-627 (1983). it catalyzes the 
hydrolysis of appropriate chromogenic or fluorogenic 
substrates under appropriate selective environments 
resulting in a colored or fluorescent signal that can be 
detected, either visually or spectrophotometries!^ A 
specific 0-glucosidase substrate may serve as the nutrient 
indicator in media designed to detect enterococci and pro- 
vide a major source of carbon in the medium formulation 
A number of nutrient indicator substrates are available 
However, the substrate preferably used in detecting 
enterococci is the fluorogenic substrate, 4-methylumbelli- 
feryl-0-D-glucopyranoside. when viable enterococcus 
bacteria are present in a sample, the nutrient indicator 
is metabolized thereby cleaving the indicator portion 
which, when cleaved, becomes fluorescent. The glucose 
moiety released is then utilized by enterococci bacteria 
to promote growth. 

Enteror-pfrM 

The enterococcus and fecal streptococcus group of 
bacteria is a valuable bacterial indicator for determining 
the extent of fecal contamination in recreational surface 
waters (Greenberg, et al., Standard Methods for the 
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Exaction of water and Wastewater, xeth ed. Eaton, A.D. 
(ed.) American Public Health Association (1992)) The 

1::: ir™ now contains 18 ~- 

avion,, Enterococcus casseliflavus, Enterococcus cecoru,, 

dl7 CO T COiUmbaS ' "°P*r, Enterococcus 

durans, Enterococcus faecalis, Enterococcus faeciu* 
Enterococcus gallinaru*, Enterococcus nirae, Enterococcus 
malodoratus, Enterococcus mundtii, Enterococcus pseudoavi- 
urn Enterococcus raffinosus, Enterococcus saccharolyticus, 
Enterococcus seriolicida. Enterococcus solitarius, and 
Enterococcus sulfureus. Among them, Enterococcus avium 
Enterococcus durans, Enterococcus faecalis, Enterococcus 
faecium, Enterococcus -gallinarum, and Enterococcus hirae 
are the stains of fecal origin (Hernandez, et al., Wat. 
15 Res. 27:597-606 ,1993)). The8e bacteria 

longer than other indicators in marine environments. 

in e iT CC1 K, are alS ° reSiStant t0 SeWa ^ e ^eatment, 
including chlorination, and thus are sensitive indicators 

of the survival of enteric pathogens and viruses in water 
samples. A direct correlation between the concentration 
of enterococci in marine waters and the risks of swimming- 
associated gastroenteritis has been demonstrated (Cabelli 
Wat. sci. Tech. 21:13-21 (1989); and Cabelli et al ' 
Journal WPCF (1983)). it has been recommended by the 
United States Environmental Protection Agency (U.S. EPA) 
that the enterococci group of bacteria be used as the 
bacterial indicators for fresh and marine waters. Current 
safety guidelines for recreational waters based on entero- 
cocci density are 33 enterococci per 100 ml for fresh 
3 0 water and 35 enterococci per 100 ml for. marine water 
respectively. 

Current standard techniques for measuring enterococcus 
densities in marine and fresh recreational waters are 
labor intensive and time consuming. The results based on- 
»5 MPN require a minimum of 72 hours and MF requires 48 
hours. Although enterococci are more sensitive bacterial 
indicators for swimming-associated health risks., the time 
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reared far result interpretation has hampered its 
ac=ep t for adequate monitor . ng ^ 

based dxagnostic system allows early detection of entero- 
coccus species in water samples within 24 hours. Rapid 
5 results allow speedy responses by government to effect 
such measures as beach closings to protect public health.- 

Select- iyjt-y 

In general, /3-glucosidase activity is a specific 
characteristic for detecting enterococci and fecal strep- 
10 tococci. other bacteria, however, also possess such 
enzyme activity. These include the genera of the family 
of Enterobacteriaceae (Enterobacter aerogenes, £. colacae) 
Klebsiella pneumoniae, Serratia marcescens, Listeria 
monocytogenes, and Bactericides fragilis. Certain selec- 
15 tive factors (s) may be used to inhibit the growth of such 
other /3-glucosidase positive bacteria (i.e. those other 
than enterococcus species) . 

A medium selective for specific microorganisms may be 
produced by utilizing a combination of enzyme specificity 
20 and selective environments. For instance, in one medium 
of this invention, non-target microbes which do not 
possess /3-glucosidase activity and cannot digest the 
nutrient indicator are suppressed. Heterotrophic bacteria 
or other non-target microbes that possess /3-glucosidase 
25 are selectively suppressed during the test period by the 
combination of specifically formulated chemical/antibiotic 
reagents and other physical parameters (pH and tempera- 
ture) . Typical selective agents that can be used in the 
medium of this invention include sodium azide, challium 
30 acetate, nalixidic acid, neomycin sulfate, gentamicin 
sulfate, bile salt, sodium chloride, and polymycin B 
(Hernandez et al., Wat. Res. 27:597-606 (1993); Knuntson, 
et al., Appl. Environ. Microbiol. 59:936-938 ((1993); and 
Littel et al., Appl. Environ. Microbiol. 45:622-627 
35 (1983)). 
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The combination of enzyme specificity and antibiotic 
selectivity provides multiple hurdles which prevent the 
competing non-enterococcus microbes from being detected 
within the test period of 24 hours. This avoids the use 
5 of a single, highly toxic element which not only may 
inhibit the non- target microorganisms but also suppress 
the target microbes. 

Nutrient Indicator 

In Enterococci, /3-glucosidase catalyzes the conversion 

10 .of the fluorescent substrate, 4-methylumbellif eryl-0-D- 
glucopyranoside (MUD) , to 4-methylumbellif erone and 
glucose. The flurophoife, 4-methylumbellif erone, emits 
blue fluorescence when excited at 3 65 nm (which may be 
viewed by a UV 365nm-lamp) . The released sugar moiety, 

15 glucose, serves as a major carbon source to support growth 
of Enterocicci. An increased nutrient indicator level may 
provide better microbial growth and stronger fluorescence, 
however, high nutrient indicator levels may also cause 
cell cytotoxicity and a greater level of background 

20 fluorescence . 4-methylumbellif eryl-/?-D-glucopyranoside 
(MUD) at a level of 25 mg/1 does not inhibit the growth of 
enterococcus species. 

Epz;ypM> Enfluyer? 

Most glycolytic hydrolases (0-glucosidase, £-galacto- 
25 sidase, and ^-glucuronidase) are inducible. The induction 
of /?-galactosidase activity by isopropyl-0-D-thiogalactos- 
ide (IPTG) is a classic example. Ethyl-0-D- thioglucoside 
which functions in a similar fashion is a 0-glucosidase 
inducer. 

3 0 Growth Stimulators 

NaHC0 3 (2 g/liter) , Tween-80 (0.75 ml/liter), and KH 2 P0 4 
(5 g/liter) stimulate growth of fecal streptococcus 
species isolated from waters (See, e.g. Lachica et al. , J . 
Appl. Bacteriol. 31:151-156 (1968)). Other trace elements 
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such as specific amino acid(s) (glutamic acid), vitamin(s) 
(lipoic acid), and nucleotide (s) (kinetin riboside) may 
all have growth promoting activities for enterococc 
species. 

One medium that has proven optimal for detecting 
Enterococci is described in Table l. 



COMPONENT T 
INGREDIENT 



10 Nitrogen 



TABLE l 



SOURCE 



Amino Nitrogen 



0.02 



AMOUNT 



to 0.05 



g/: 



Amino Acids 



15 



20 



25 



Alanine 


0.015 


tc 


i 0.055 


g/i 


Arginine 


0 . C 2 


to 


0.04 


9/1 


Aspartic Acid 


0 


~o 


0.1 


g/i 


Cystine 


0. OOi 


to 


0.005 


g/i 


Glutamic Acid 


0. 05 


to 


0.15 


g/i 


Glycine 


0. 01 


to 


0.03 


g/i 


Histidine 


0.01 


to 


0.06 


g 


Isoleucine 


0.01 


to 


0.10 


g 


Leucine 


0.03 


to 


0.08 


g 


Lysine 


0.03 


to 


0.07 


g/i 


Methionine 


0.01 


to 


0.04 


g/i 


Phenylalanine 


0.01 


to 


0.04 


g/i 


Proline 


0 . 02 


to 


0.08 


g/i 


Serine 


0.01 


to 


0 .05 


g/i 


Threonine 


0.01 


to 


0 .04 


g/. 


Tryptophan 


0.002 


to 


0.006 


g/: 


Tyrosine 


0.01 


to 


0.02 


g/i 


Valine 


0.02 


to 


0.05 


g/i 



Elements 



30 



Calcium 

Chloride 

Cobalt 

Copper 

Iron 

Lead 



trace 
trace 
tra^e 

tv « 
f :e 
ace 
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Manganese 

Phosphate 

Potassium 

Sodium 

Sulfate 

Sulfur 

Tin 

Zinc 



trace 
0.0005 to 0.005 
0.0004 to 0.004 
'0.03 to 0.06 

trace 

trace 

trace 

trace 



g/i 
g/i 
g/i 



Vitamins 


Biotin 


0.15 


to 0. 


4 




M9/1 


10 


Choline 


5.0 


to 10. 


0 








Pyridoxine 


6.0 


to 7. 


5 




Mg/i 




Riboflavin 


10.0. 


to 20. 


0 








Thiamine 


20.0 


to 20. 


0 




/*g/i 




Vitamin B12 


0.2 


to 0. 


3 




Mg/i* 


15 


Niacin 


15.0 


to 25. 


0 




Mg/i 




Pantothenic Acid 


45.0 


to 65. 


0 




Mg/i 


COMPONENT 


U 












HEPES 


free acid 


4.032- 


4.928 




g/i 




HEPES 


sodium salt 


7.301- 


8.933 




g/i 





20 



25 



30 



modified yeast nitrogen 
base 

sodium bicarbonate 
botassium phosphate 
0-ETG 

( e t hyl -0-D-thioglucos ide ) 
MUD 

(4-methylumbelliferyl-/3-D-glucopyranoside) 
amikacin sulfate 0.0045-0.0055 
amphotericin B 0.00198-0.00242 
Bacitracin 0.000476-0.000794 



4.635-5.665 
1.8-2.2 
0.1-1.0 

0.009-0.011 

0.02-0.03 



g/i 
g/i 
g/i 
g/i 

g/i 

g/i 
g/i 
g/i 



Trace = less than 0.001 g/liter 
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Methods p£ n ffa 

The medium of this invention can be used in three 
different formats. First, it may be used to detect the 
presence or absence of Enterococci. Second, it may be 
5 used to quantify the amount of Enterococci present in a 
sample. Third, it may be used in a screening format to 
relate the time for a positive test result with the 
concentration of Enterococci in a sample. 

Ese^snse/Abagnss 

10 The procedure to detect the presence or absence of 

enterococcus species in water samples is described below. 

1. First, collect one or more water samples using 
precalibrated sterile vessels. The sample volume can be 
in various amounts, including 100 ml, 10 ml, or l ml 

15 depending on the application. The medium of this inven- 
tion can be added in powder form to the collected water 
sample. Alternatively, the medium can be present in 
powder form in the vessels prior to sample collection. 

2. The sample vessels are then thermally equilibrat- 
20 ed (that is brought to incubation temperature in a water 

bath) preferably either at 35»C or 41»C ± i°c, preferably 
for 20 minutes. 

3. A blue fluorescence is indicative of the presence 
of Enterococcus species in the water sample tested when 4- 

25 methylumbelliferyl-0-D-glucopyranoside is the nutrient 
indicator. The fluorescence can be read visually using a 
UV 365nm lamp. , Alternatively, the signal can be monitored 
by a fluorescence spectrophotometer using an excitation 
wavelength of 365 nm and an emission wavelength of 440 - 

3 0 4 50 nm. 

A positive reaction can occur anytime within 24 hours 
if there are viable bacteria present in the sample. That 
is, about 95% of samples containing 10 cfu/100 ml will 
have exhibited a detectable characteristic change within 
35 24 hours. The time for detection, ranging from about 12 
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to 24 hours, varies with the concentration and presence of 
different species or strains of enterococci . 



Ouantifigat;in n 

The same medium can be used for quantifying target 
5 molecules. The assay can be done with the regular 5 or 10 
tubes MPN format or the 50 to 100 wells "Ouanti - tray" MPN 
format (See, Naqui, U.S. Patent Application 08/201,110). 
The procedure for quantifying enterococci using the medium 
of Table I is described below: 

10 1- Collect a water sample using one or more precali- 

brated sterile vessels. The sample volume can be in 
various amounts, including 100 ml, 10 ml, or 1 ml depend- 
ing on the application. The invention can be added in 
powder form to the collected water sample. Alternatively; 

15 the medium of this invention can be present in powder form 
in the vessel prior to sample collection. 

2. The sample is then poured into a "Quanti-tray" 
and then heat sealed to created 50 or 100 MPN wells. 
Alternatively, sample aliquots can be distributed into 5 

20 or 10 MPN tubes. 

3. The sample vessels are incubated preferably at 
35°C or 41°C ± 1°C. 

4 . The fluorescence can be read visually using a UV 
3 65nm lamp. A blue fluorescence is indicative of a 

25 positive reaction when 4-methylumbellif eryl-/3-D-glucopyra- 
noside is used as the nutrient indicator. The enterococ- 
cus density in water samples can be directly correlated 
with the number of positive wells of "Quanti-tray" or the 
number of positive tubes using the MPN calculation formu- 

30 la, MPN = Nln (N/N-X) where N represents the total number 
of tubes or wells tested and X represents the total number 
of positive tubes or wells. The maximum time for detec- 
tion is 24' "hours. 
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Rapid Srr^ n i ni 

The medium described above can also be used for the 
application of pass/fail rapid screening. This format 
involves the use of a direct linear relationship between 
5 the enterococcus density in a tested water sample with the 
detection time of positive results. The procedure for 
rapid pass/fail screening test using the same formula is 
followed: 

1. A water sample is collected using a precalibrated 
10 sterile vessels. The sample volume can be in varying 

amounts, including 100 ml, 10 ml, or 1 ml depending on the 
application. The medium of this invention can be added in 
powder form to the collected water sample. Alternatively, 
the medium of this invention can be present in powder form 
15 in the vessel prior to sample collection. 

2. The sample vessels are incubated preferably at 
35°C or 41°C ± 1°C. 

3. The fluorescence can be read visually or fluoro- 
spectrophometrically. A blue fluorescence is indicative 

20 of a positive reaction. The time for .positive result is 
used as an indicator to determine whether the water sample 
tested is at the level of "Hazard", "Concern", or "Pass". 

Experiment 1 

This experiment was conducted to determine the nutri- 
25 ent indicator which provides the most rapid detection. 

Materials and Methods 

Enterococcus strains used were grown on TSAI blood 
agar platters. The following microorganisms were grown: 
E. faecalis ATCC 19433, ATCC 33012, ATCC 33186, ATCC 

30 35550, ATCC 29212; E. faecium ATCC 19434 , ATCC 35667; E. 
durans ATCC 6056, ATCC 11576, ATCC 19432; E. avium ATCC 
14025, ATCC 35665; E. gallinarium ATCC 49573; Streptococ- 
cus bovis ATCC 9809, ATCC 35034; and S. equinus'ATCC 9812. 
Cell suspensions were prepared by taking the cells from 

35 plates using a sterile cotton swab (prewetted) and resus- 
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pended in pH 7.5 50 mM HEPES buffer to a turbidity equiva- 
lent to MacFarland Standard. The following enzyme sub- 
strates were tested for sensitivity to j3-glucosidase : o- 
nitrophenyl-/J-D-glucopyranoside (ONPD) and 4- 
5 methylumbelliferone 0-D-glucopyranoside (MUD) . 

Data showed 4-methylumbellif eryl 0-D-glucopyranoside 
was the most sensitive substrate to Enterococcus /3-gluco- 
sidase activity. This substrate, when excited at 315 jun 
(monitor with UV-lamp) , gives blue florescence upon 
10 hydrolysis by 0-glucosidase . 

Experiment 2 

A study was performed using the nutrient formula pro- 
vided in Table 1. It allowed detection of Enterococci at 
1-2 cfu/100 ml within 16 to 22 hours (see table below) . 

15 Water samples were collected and added to the medium 
described above. The sample vessels were then incubated 
at 41°C + 1°C. The sample vessels were monitored for the 
appearance of a blue fluorescence. The results are shown 
below and Indicate sensitive detection of Enterococci in 

20 a medium of this invention. 
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Other embodiments are within the scope of the follow- 
ing claims . 
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Claimg 

Enterococl^ ^ deteCting ^ presence or absence of 
Enterococc, in a Unified sample within 24 hours compris- 
es a) an effective amount of vitamins, amino acids, 
trace elements and salts operable to allow viability and 
reproduction of Snterococci ; 

b) an effective amount of one or more nutrient 
^caters provided in an amount sufficient to provide a 

growth of said Enterococci; said nutrient indicate! 
Cse^nl 3 nUtrient ' m ° iety in the Presence of 0-glucosi- 

O an effective amount of one or more selective 
agents active to prevent or inhibit the growth of microor- 
ganisms other than Enterococci . 



15 



2. The medium of claim 1 wherein " said nutrient 
indicator is metabolized to a moiety that serves as a 

20 2lTl°\ S ° UrCe 3 m ° ieCy th3t alt6rS an ^ervable 

20 characteristic of said medium. 

3. The medium of claim 2 wherein said nutrient 
indicator alters the color of said medium in a visible 
wavelength range through the action, of beta glucosidase 
activity. 

25 4. The medium of claim 2 wherein said nutrient 

indicator alters the color of said medium in a non-visible 
wavelength range through the action of beta glucosidase 
activity. 



0 



5.. The medium of claim 1 wherein said nutrient 
indicator is 4-methylumbelliferyl-^-D-glucopyranoside. 

6. The medium of claim i comprising: a buffer, 4 0 
to 6.0 g/liter ammonium < sulfate, a source of carbon 
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dioxide and phosphorus ions, an effective amount of a 0- 
glucosidase inducer, an effective amount of a nutrient 
indicator, an effective amount of antibiotics to inhibit 
growth of fungi and gram positive and gram negative 
5 bacteria other than Enterococci, and sufficient amino 
acids, vitamins, trace elements and minerals to support 
growth of enterococci at a rate to allow detection within 
24 hours, 

7. The medium of claim 6 comprising: a buffer, 4.000 
10 to 5.000 g/1 modified yeast nitrogen base, 1.0 tc 2.5 g/1 

sodium bicarbonate, 0.1 to 1.0 g/1 potassium phosphate, 
0.009 to 0.011 g/1 0-ETG, 0.02 to 0.03 g/1 MUD, 0.0045 to 
0.0055 g/liter amikacin sulfate, 0.00198 to 0.00242 
g/liter amphotericin B, and 0.00476 to 0,00794 g/liter 
15 bacitracin, and sufficient amino acids, vitamins, trace 
elements and minerals to support growth of enterococci at 
a rate to allow detection within 24 hours. 

8. Method for detecting the presence or absence of 
Enterococci in a liquified sample comprising the steps of: 

20 a) contacting a liquid sample with the medium of 

claim 1; 

„ b). incubating said liquid sample and said medium; 

c) monitoring said liquid sample to determine the 
25 presence of a detectable change in a physical character- 
istic. 

9. The method of claim 8 wherein said monitoring 
step lasts a maximum of 24 hours. 

10. The method of claim 8 wherein said liquid sample 
30 is taken from a fresh or marine water source. 

11. The method of claim 8 wherein said liquid sample 
is taken from a waste water source. 
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12. The method of claim 8 wherein said liquid sample 
is taken from a drinking water source. 

13 . The method of claim 8 wherein said detectable 
physical characteristic change is a color change. 

5 14. The method of claim 8 wherein said detectable 

physical characteristic change is a color change visible 
in the presence of an excitation light source. 

15. The method of claim 8 wherein said incubation 
step is performed at, 35°C to 45°C. 

10 16. Method for quantifying the amount or number of 

Enterococci present in a liquid sample comprising the 
steps of: 

a) contacting a liquid sample with the medium of 
claim 1; 

15 b) placing said liquid sample and said medium in 

containers; 

c) incubating said liquid sample and medium mixture; 

d) observing the quantity and quality of a detect- 
able change in a physical characteristic; and 

20 e) comparing the quality and quantity of a detect- 

able change in said physical characteristic to most 
probable number values. 



